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Description

[0001] The invention relates to a method for producing a sealed threaded tubular connection starting from an initial
threaded tubular connection comprising:

o a first male tubular element comprising a first male threading; and
o a second female tubular element comprising a second female threading, homologous with the first threading;

making the first threading up into the second threading to bring the two elements into a connected position, and subjecting
the initial threaded tubular connection to a diametral expansion in the region of plastic deformations using an expansion
tool with a diameter that is greater than the internal diameter of said tubular elements, which is axially displaced in the
connection.

[0002] That type of threaded connection is particularly intended for use in producing strings for hydrocarbon or the
like wells.

[0003] US 5154452 concerns a tubular pipe with a female connection member having two threaded steps and a central
area comprising a ramp surface for obtaining full seal interference by means of the final 0,635 mm of axial movement
at the end of make - up.

[0004] International patent application WO-A-02/011002 discloses a method of the type under consideration, in which
the first and second axial abutment surfaces belonging respectively to a male lip at the free end of the male element
and to a corresponding female housing nest in each other, the male lip and the female housing being conformed such
that their peripheral surfaces come into mutual sealing contact after expansion.

[0005] That known method is satisfactory up to a degree of expansion of the order of 15%, a degree of expansion of
x% corresponding to a ratio (100+x)/100 between the diameter of the expansion tool which is a ball and the internal
diameter of the tubular elements prior to expansion. However, for higher expansions, the deformation is such that the
lip completely leaves the housing, so that the sealing contact is no longer guaranteed.

[0006] The invention aims to provide a method that can produce a sealed connection after expansion to higher degrees
than those allowed by the prior art.

[0007] The invention also aims to improve contact pressures for a given degree of expansion and to reduce the
sensitivity thereof to the degree of expansion and to geometric variations in the expansion tool due to its wear during
expansion operations over great lengths, and to the use of different tools from one operation to another,

[0008] In the present document the meaning of the term "expansion tool" is not limited to tools in the shape of balls
but also includes rotative tools such as the three-roll tools disclosed in documents WO 02/081863, US 6,457,532 and
US 2002/0139540.

[0009] The invention still further aims to obtain a seal both to external pressure and to internal pressure, and a seal
prior to expansion, advantageously to gas.

[0010] Additionally, the invention aims to obtain substantially the same sealing characteristics whether the expansion
tool is displaced from the male element towards the female element or vice versa, thus eliminating an obstacle to using
coupled connections.

[0011] Still further aims consist of stabilizing the contact regardless of the load, and of placing the sealing zone in a
region that is relatively protected from shocks during manipulations.

[0012] In particular, the invention provides a method of the type defined in the introduction, and is characterized in
that each of the first and second threadings is separated into two portions separated from each other in an axial direction
and in that, in a contact zone extending over a fraction of the length of the connection included between said threading
portions, the male and female elements have smooth surfaces facing radially outwardly and inwardly respectively, which
fit one into the other over the entire axial length of said contact zone during makeup, means being provided to endow
the female element in the contact zone with a spring back displacement after expansion that is greater than that of the
male element, to establish local sealed contact by a radial interference fit between said smooth surfaces.

[0013] Optional complementary or substitutional characteristics of the invention are as follows:

@ said smooth surfaces are cylindrical and slide freely one in the other;

o the radial thickness of the female element and the male element is constant over the entire length of said contact
zone;

o the diametral clearance between said smooth surfaces is in the range 0.1 to 0.8 mm;

o said sealing contact by a radial interference fit is established in at least two annular areas distributed over said
contact zone;

@ the radial thickness e, of the female element in said contact zone is reduced with respect to its thickness in the
area of the threading portions;

@ the ratio between the minimum radial thickness e, of the female element in said contact zone and the radial
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thickness e, of the facing male element is in the range 0.25 to 0.7;

@ said ratio is in the range 0.35 to 0.5;

@ the radial thickness of the female element increases progressively in two transition zones located respectively
either side of said contact zone;

@ the zone of reduced thickness of the female element is at least partially filled with a material with a lower Young’s
modulus and/or a higher yield strength than the female element;

@ the reduced thickness of the female element is surrounded by a ring formed from a material with a lower Young’s
modulus and/or a higher yield strength than the female element;

o the first tubular element and the second tubular element respectively form part of a great length tube and of a
coupling intended to connect it to a further great length tube via a second threaded tubular connection also obtained
by the method of the invention;

@ the coupling is formed from a material that differs from that of the great length tube by having a lower Young’s
modulus and/or a higher yield strength;

o the first tubular element and the second tubular element respectively belong to two great length tubes;

o the ratio between the radial thickness e of the male element in said contact zone and the radial thickness of the
great length tube or tubes over the majority of their length is in the range 0.4 to 0.8;

® the male and female tubular elements respectively have first and second axial abutment surfaces which come
into mutual contact at the end of makeup;

@ the first tubular element has at its free end an annular lip having said first axial abutment surface constituted by
an annular tongue and by a transverse surface adjacent to said tongue and axially set back with respect thereto,
connected to the internal peripheral surface of the first elements, and the second tubular element has a housing,
homologous with the male lip, having said second axial abutment surface constituted by an annular groove and by
atransverse surface adjacent thereto, connected to the internal peripheral surface of the second element, the tongue
cooperating with the groove;

@ the inwardly radially facing peripheral surface of the housing comprises an annular channel with a concavely
arched profile, which has a first flank facing axially towards said axial abutment surfaces and a second flank facing
axially opposite to said axial abutment surfaces, an inclined shoulder of the housing defined by said first flank, and
an inclined shoulder facing axially opposite to said axial abutment surfaces, formed on the peripheral, surface of
the radially outwardly facing male lip, undergoing an axial displacement relative to each other during radial expansion
to come into mutual sealing contact with a radial interference fit;

o the first and second threadings are tapered with a taper of at most 12.5%;

o the threading portions of each element are located along a common tapered surfaces;

o the first and second threadings are straight, the two portions of each threading having different diameters;

o the mating surfaces are provided on the male and female elements to ensure a sealing contact by a radial
interference fit between said mating surfaces prior to expansion;

@ said mating surfaces are located in the vicinity of the free end of the male element;

@ each of said mating surfaces is located between said contact zone and the threading portion of the corresponding
element that has the smallest diameter;

@ the degree of expansion is in the range 10% to 30%;

@ the degree of expansion is in the range 15% to 25%;

[0014] The invention also concerns a threaded tubular connection as obtained by the method defined above.

[0015] The threaded tubular connection of the invention comprises a first male tubular element comprising a first male
threading and a second female tubular element comprising a second female threading into which the first threading is
made up, each of the first and second threadings being separated into two portions separated from each other in an
axial direction, the female element having, in a contact zone extending over a fraction of the length of the connection
included between said threading portions, a radial thickness that is reduced with respect to its thickness in the area of
the threading portions, the male and female elements having respective surfaces facing radially towards each other over
the entire axial length of said contact zone, between which a sealed contact is locally established by a radial interference fit.
[0016] The characteristics and advantages of the invention will be explained in detail in the following description, made
with reference to the accompanying drawings.

Figures 1 and 2 are axial cross sectional half views of a female tubular element and a male tubular element intended
for use in the method of the invention.

Figure 3 is an analogous view to Figures 1 and 2, showing the two tubular elements at the end of mutual makeup.
Figure 4 shows a profile of the male threading of the male tubular element of Figure 2.

Figure 5 is an axial cross sectional half view of a threaded tubular connection of the invention obtained from the
elements of Figures 1 and 2.
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Figures 6 and 7 are analogous views to Figures 1 and 2 respectively, relating to a further implementation of the
invention.

Figure 8 is a partial view on a larger scale of a variation of the assembly of Figure 3.

Figure 9 is a half-view of a ball for use in expanding the connection in the method of the invention.

Figure 10 shows a variation of the male and female surfaces intended to form a seal prior to expansion.

Figures 11 and 12 are analogous views to Figures 1 and 2 respectively, relating to a further implementation of the
invention.

Figures 13 and 14 are details of variations in the reduced thickness portion of the female element.

Figures 1 and 2 respectively show a female tubular element 2 and a male tubular element 1. Element 1 is formed
at one end of a great length tube 11 and element 2 at one end of a tubular coupling 12 intended for connecting two
tubes such as 11. A plurality of tubes such as 11, each.of which has two threaded elements such as 1 at its two
ends, can thus be connected together via couplings such as 12, each of which has two threaded elements 2 at its
two ends, to form a string of tubes provided for an oil well, for example.

[0017] Element 1 has a male cylindrical threading separated into two portions 3a, 3b separated from each other in
the axial direction. Portion 3a is furthest from the free end of the element 1 and has greater diameter than portion 3b,
which is closest to the free end. Similarly, female element 2 has a female cylindrical threading in two portions 4a and
4b which respectively match portions 3a and 3b of the male threading, portion 4a extending almost to the free end of
the female element 2.

[0018] Portion 3b of the male threading is extended from the male free end side by a male lip 5 having a peripheral
surface 7 facing radially outwardly.

[0019] Incorrespondence with the male element, the female element has a female housing having a peripheral surface
8 facing radially inwardly.

[0020] The free end 9 of the element 1 is formed by an axially projecting tongue 13 and by a transverse surface 15,
which is set back with respect to the tongue 13, which transverse surface 15 extends between the tongue and the internal
peripheral surface of element 1. Female element 2 has an annular surface 10 that matches the end surface 9 of the
element 1, formed by a groove 14 that can receive the tongue 13 and a transverse surface 16 that can cooperate with
the surface 15. Surfaces 9 and 10 come into mutual abutting contact to limit makeup of the two tubular elements. Their
nesting and disposition with a small clearance of surfaces 7, 8 can guarantee sealing of the threaded connection prior
to expansion, and after expansion when the degree thereof does not exceed about 15%. Complementary information
on the configuration of these surfaces and their behaviour during and after expansion can be found in WO-A-02/01102.
[0021] Figure 3 shows elements 1 and 2 connected by making up until the faces of abutments 9 and 10 come into
mutual bearing contact, the threading portions 3a and 3b being made up into threading portions 4a and 4b respectively.
[0022] In accordance with the invention, in a zone 20 of its length included between threading portions 4a and 4b, the
female element 2 has a uniform external diameter which is less than its external diameter facing threading portions 4a
and 4b, and an internal diameter that is also uniform, resulting in a constant radial thickness e, smaller than its radial
thickness in the area of the threading portions. In a corresponding zone 20, male element 1 has a constant external
diameter that is substantially equal to the internal diameter of element 2, such that the two elements adjust under mild
friction in zone 20. In transition zones 23, 24 located axially either side of zone 20, the radial thickness of element 2 and
its external diameter increase progressively with distance from zone 20.

[0023] The term "mild friction" means a small clearance between the cylindrical surfaces 21, 22, for example of the
order of 0.25 mm in diameter.

[0024] Such a disposition of surfaces 21, 22 can avoid any risk of galling of said surfaces during makeup; galling at
this stage would run the risk of subsequently preventing the production of a sealed contact between surfaces 21 and 22.
[0025] It should be noted that along the zone 20, thickness e, of the female element is substantially less than the
thickness e of the male element.

[0026] In accordance with a complementary advantageous characteristic of the invention, the surface of the male
element facing radially outwardly has, between the surface 21 and the threading portion 3b, a tapered surface 17 which
mates with a tapered surface 18 interposed between the surface 22 and the threading portion 4b on the face of the
female element facing radially inwardly. A radial cone-cone interference fit between surfaces 17 and 18 at the end of
makeup also provides a seal prior to expansion. This seal does not have to subsist after expansion.

[0027] Other forms are possible for surfaces 17 and 18, for example a domed surface 17 and a tapered surface 18,
as shown in Figure 10.

[0028] Figure 4 shows the trapezoidal profile of threads forming the male threading.3a, 3b. The small base B1 of the
trapezoidal profile is located on the major diameter of the threading and forms the thread crests, and as a result the
large base B2 is located on the minor diameter and forms the thread base. The two flanks of each thread are inclined
in the same direction, flank F1 facing towards the free end of the threaded element to which it belongs, termed the
stabbing flank, and being more inclined than the other flank F2 with respect to a radial plane, this latter flank being
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termed the load flank as it supports the weight of the lower tube of the connection to which it belongs and the tubes
located below it in the string. Flanks F1, F2 are connected to the thread crest and root via rounded portions.

[0029] The threads of female threading 4a, 4b have a similar profile; the small base of the trapezium is on the minor
diameter of the threading and the large base is on the major diameter.

[0030] Figure 5 shows the threaded, connection after radial expansion to an amount of 25%. It can be shown by
determining contact pressures completed by sealing tests under service conditions that a sealing contact by a mutual
radial interference fit of surfaces 21 and 22 is established in two annular areas 25 and 26 of zone 20, separated from
each other in the axial direction.

[0031] The contact pressures between the surfaces 21 and 22 result from higher spring back displacement in the
female element than in the male element after expansion.

[0032] In the case of the implementation of Figure 5, the higher spring back displacement of the female element is
obtained by the reduced thickness e, of the female element in the contact zone 2 with respect to the thickness of the
female element in the area of the threading portions 4a and 4b, thickness e, thus being substantially smaller than the
corresponding thickness e, on the male element.

[0033] In this implementation, optimum effects on the contact pressure are obtained when the ratio e,/e, is neither
too high (as the difference in female/male spring back displacement would not be sufficient) nor too low (insufficient
mechanical strength); hence the preferred choice of e;/e inthe range 0.25 to 0.7, more preferably in the range 0.35t0 0.5.
[0034] Similarly, to optimize the service behaviour, it is advantageous for the ratio between e ; and the thickness of
the tube to be neither too high (> 0.8) nor too small (< 0.4).

[0035] The table below shows characteristic values for the contact pressure calculated by finished element analysis
(FEA) under the following conditions:

@ external diameter of tubes: 193.7 mm (7" 5/8);

@ tube thickness (e;) 9.53 mm (29.7 Ib/ft);

@ threaded tubular connection comprising: a "left" and "right" connection, the ball displacing during expansion from
the left to the right connection:

@ thickness e,: 2.61 mm;

@ thickness e4: 6.97 mm;

hence e,/e = 0.37;

e /e, =0.73;

@ length of zone 20: about 25 mm;

@ degree of expansion: 25%;

@ same materials for tubes and coupling.

[0036] The contact pressure, calculated between the surfaces 21-22 (central seal), was integrated along the width of
the contact and the values below are values for this integral, in N/mm.

Central seal (N/mm)

Annular area 25 | Annular area 26

Left connection 181 100
Right connection 281 87

[0037] The values obtained for the central seal are excellent, whether the ball is displaced from the male element
towards the female element (left connection) or from the female element towards the male element (right connection),
despite an expansion of 25%.

[0038] In afurtherimplementation, the higher spring back displacement of the female element with respect to the male
element can be increased using a coupling 12 formed from a material with a Young’s modulus E that is lower than that
of tubes 11 and/or formed from a material treated so as to have a higher yield strength than that of tubes 11.

[0039] Thugs, treated steel tubes can be used for a yield strength of 550 MPa and treated titanium alloy couplings for
a yield strength of 680 MPa, the Young’s modulus of titanium alloys being of the order of 60% that of steels.

[0040] Such use of materials can have a significant technical effect on contact pressures for e,/e; values that are
higher than those in the preferred range.

[0041] In a variation shown in Figure 13, rather than have a coupling formed from a material that differs from tubes
with a substantial thickness e,, a relatively small thickness e, can be retained so that e,/e,4 is in the range 0.25 to 0.7,
but the available space externally of the external peripheral surface of the coupling facing the reduced thickness zone
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can be filled to a greater or lesser extent by refilling, for example by depositing filler material by welding, formed from a
material with a low Young’s modulus and/or a high yield strength.

[0042] A refilling formed from a hard abrasion-resistant material can be envisaged, for example. Alternatively, a ring
28 can be inserted formed from such materials, over the reduced thickness zone outwardly thereof; see Figure 14. The
ring can be split or shrunk on.

[0043] Figures 6 and 7 are analogous views to Figures 1 and 2, showing tubular elements with tapered threadings.
The thread roots and crests of the threading portions 33a and 33b of the male element 31 are located on common
tapered surfaces, and similarly for the threading portions 34a and 34b of the female element 32. Opposite to the free
end 39 of element 31, threading portion 33a comprises vanishing or run out threads, i.e. with heights that reduce
progressively to zero.

[0044] In variations that are not shown, the two portions of each threading are disposed on distinct tapered surfaces,
having the same or different tapers.

[0045] In a contact zone 50 located between the threading portions 34a and 34b, the female element 32 has a radial
thickness e, defined by a smooth cylindrical internal peripheral surface 51 and a cylindrical external peripheral surface
with a reduced diameter with respect to the external diameter of the element 32 in the area of the threading portions
34a and 34b. The thickness e, is thus lower than the radial thickness e, of the male element 31 in zone 50 and than
the radial thickness of element 32 in the area of the threading portion 34b and in the area of the threading portion 34a,
at least in the region thereof that is closest to zone 50, the thickness of element 32 reducing progressively in the direction
of the free end thereof because of the taper of the threading portion 34a. In transition zones 53, 54 located axially either
side of zone 50, the radial thickness of element 32 and its external diameter increase progressively.

[0046] Figure 7 shows that, in contact zone 50 of the threaded connection, the male element 31 has a smooth cylindrical
inner peripheral surface similar to surface 22 of Figure 2.

[0047] In this implementation, the role of surfaces 17 and 18 in Figures 1 and 2 is played by a male tapered conical
surface 57 adjacent to the free end 39 of the male element and by a matching female tapered conical surface 58 located
beyond the threading portion 34b with respect to the free end of the female element.

[0048] In the variation of Figure 8, the inwardly radially facing peripheral surface of the female housing comprises an
annular channel 44 having a concave profile that is formed substantially as an arc of a circle with a radius of about 10
mm, which is connected on the side of the second axial abutment surface 10 to a first portion of peripheral wall 45 and
on the opposite side to a second portion of a peripheral wall 40 that is substantially of the same diameter as the wall
portion 45, the flank of the channel 44 on the second portion of peripheral wall side defining an inclined shoulder 41.
[0049] In this same variation, the peripheral surface 7 of the male lip 5 facing radially outwardly comprises a cylindrical
portion 47 disposed between an inclined shoulder 43 and the first surface of the axial abutment 9. The space between
the base of the channel 44 and the cylindrical portion 47 and the clearances allow the proper evacuation of grease during
makeup.

[0050] During expansion of the connection, the concave form of the channel 44 impresses a corresponding convex
form into the peripheral surface 7 of the lip.

[0051] Radial expansion causes axial deformation causing a relative displacement of the inclined shoulder 41 of the
housing and the inclined shoulder 43 of the lip. The direction of axial expansion is of no matter, the contact between
inclined shoulders 41 and 43 resulting either from closing of the inclined shoulder of the housing against the inclined
shoulder 43 of the lip or vice versa, from closing of the inclined shoulder 43 of the lip against the inclined shoulder 41
of the housing.

[0052] Thus, the radial deformation of the expansion caused axial deformation of the lip 5 and housing 6. The inclined
shoulder 43 of the lip comes into contract at at least one point with the inclined shoulder 41 of the housing, or vice versa..
This sealing contact remains stable even under tension. It is reinforced when the degree of expansion increases.
[0053] The channelimpresses in the male lip a local curvature that is greater and tends to encourage contact between
the tongue 13 and the flank of the groove 14. This contact locks and stabilizes the behaviour of the lip under the
substantially inner pressure of a fluid.

[0054] Figure 9 is a half-view of an expansion tool or ball that is known per se, advantageously for use in the method
of the invention. Ball 60 has a cylindrical region 61 the diameter of which is selected as a function of the desired degree
of expansion, which is connected via a rounded portion 62 to a tapered region 63, which latter extends to the radial end
face 64. The diameter of the end face 64, which constitutes the small base of the tapered region 63, is smaller than the
initial internal diameter of the tubular elements, which allows the ball to be engaged therein via end 64, the internal
diameter of the tubular elements being progressively increased by advance of region 63. A detailed explanation of the
action of the ball can be found in WO-A-02/01102.

[0055] Advantageously, the radius R of the rounded portion 62 is in the range 1.27 to 6.35 cm, and the peak half-
angle o of the tapered region is about 10°.

[0056] Although the connection of the invention has been described above as being formed between a great length
tube and a coupling (coupled connection), the invention is also applicable to a connection formed between two great
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length tubes and in particular an integral connection formed in great length tubes, for example by forging, or to a connection
constituted by elements fastened to tubes, for example by welding. Further, the axial abutment surfaces of the threaded
elements can have other forms than those described with a tongue and groove.

[0057] In the case of an integral connection, apart from substantially thickening up the ends of tubes by forging, which
is expensive, the tube thickness may prove to be insufficient for producing a connection of the type shown in Figure 3.
[0058] This means that the female axial abutment must then be removed. Figures 11 and 12 show such a variation
of Figure 3 and uses the same reference numerals to designate elements identical to those in Figures 1 and 2, in
particular the straight threading portions 3a, 3b, 4a, 4b, and the contact zone 20 located between the threading portions
in which the female element has a reduced thickness e,, to establish sealing contact by radial interference after expansion
between surfaces 21 and 22.

[0059] Because of the absence of a female abutment surface, it is not then possible to determine the end of makeup
by an abrupt rise in the makeup torque, as occurs when bringing the axial abutments of connections having such
abutments into abutment.

[0060] However, itis possible to define the end of makeup on a connection with no axial abutment by bringing reference
marks on the outside of the male and female elements into alignment, in known manner.

[0061] Clearly, the absence of a female abutment results in an absence of a sealing contact after expansion between
the outwardly facing peripheral surface of the lip 75 and that of the inwardly facing female element.

[0062] The threaded connections obtained by the method of the invention are particularly suitable for drilling and well
working comprising only a single string of casings or liners, while the conventional expansion-free technique involves
placing a plurality of concentric columns, depending on the depths to be reached.

Claims

1. A method for producing a sealed threaded tubular connection starting from an initial threaded tubular connection
comprising:

o a first male tubular element (11) comprising a first male threading (3a, 3b); and

o a second female tubular element (2) comprising a second female threading (4a, 4b), homologous with the
first threading;

making the first threading up into the second threading to bring the two elements into a connected position, and
subjecting the initial threaded tubular connection to a diametral expansion in the region of plastic deformation
using an expansion tool (60) with a diameter that is greater than the internal diameter of said tubular elements,
which is axially displaced in the connection;

characterized in that each of the first and second threadings is separated into two portions (3a, 3b, 4a, 4b)
separated from each other in an axial direction and in that, in a contact zone (20) extending over a fraction of
the length of the connection included between said threading portions, the male and female elements have
smooth surfaces 21, 22) facing radially outwardly and inwardly respectively, which fit one into the other over
the entire axial length of said contact zone during makeup, means being provided to endow the female element
in the contact zone with a spring back displacement after expansion that is greater than that of the male element,
to establish local sealed contact by a radial interference fit between said smooth surfaces.

2. A method according to claim 1, in which said smooth surfaces are cylindrical and slide freely one in the other.

3. A method according to claim 1 or claim 2, in which the radial thickness (e, e,) of the female element and the male
element is constant over the entire length of said contact zone.

4. A method according to one of the preceding claims, in which the diametral clearance between said smooth surfaces
is in the range 0.1 to 0.8 mm.

5. A method according to one of the preceding claims, in which said sealing contact by a radial interference fit is
established in at least two annular areas (25, 26) distributed over said contact zone

6. A method according to one of the preceding claims, in which the radial thickness e, of the female element in said
contact zone is reduced with respect to its thickness in the area of the threading portions.

7. A method according to one of the preceding claims, in which the ratio between the minimum radial thickness e, of
the female element in said contact zone and the radial thickness e of the facing male element is in the range 0.25
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to 0.7.
A method according to claim 7, in which said ratio is in the range 0.35 to 0.5.

A method according to one of claims 6 to 8, in which the radial thickness of the female element increases progressively
in two transition zones (23, 24) located respectively either side of said contact zone.

A method according to one of claims 6 to 9, in which the reduced thickness zone (e,) of the female element is at
least partially filled with a material (27) having a lower Young’ s modulus and/or a higher yield strength than the
female element.

A method according to one of claims 6 to 9, in which the reduced thickness (e,) zone of the female element is
surrounded by a ring formed from a material (28) with a lower Young’s modulus and/or a higher yield strength than
that female element.

A method according to one of the preceding claims, in which the first tubular element and the second tubular element
respectively form part of a great length tube and to a coupling intended to connect it to a further great length tube
via a second threaded tubular connection also obtained by the method of the invention according to any one of the
preceding claims.

A method according to claim 12, in which the coupling is formed from a material that differs from that of the great
length tube by having a lower Young’s modulus and/or a higher yield strength.

A method according to one of claims 1, to 11, in which the first tubular element and the second tubular element
respectively belong to two great length tubes.

A method according to one of claims 12 to 14, in which the ratio between the radial thickness e, of the male element
in said contact zone and the radial thickness of the great length tube or tubes over the majority of their length is in
the range 0.4 to 0.8.

A method according to one of the preceding claims, in which the male (1) and female (2) tubular elements respectively
have first and second axial abutment surfaces (9, 10) which come into mutual contact at the end of makeup.

A method according to claim 16, in which the first tubular element has at its free end an annular lip having said first
axial abutment surface (9) constituted by an annular tongue (13) and by a transverse surface (15) adjacent to said
tongue and axially set back with respect thereto, connected to the internal peripheral surface of the first element,
and the second tubular element has a housing, homologous with the male lip, having said second axial abutment
surface (10) constituted by an annular groove (14) and by a transverse surface (16) adjacent thereto, connected to
the internal peripheral surface of the second element, the tongue (13) cooperating with the groove (14).

A method according to claim 17, in which the inwardly radially peripheral facing surface of the housing comprises
an annular channel (44) with a concavely arched profile, which has a first flank facing axially towards said axial
abutment surfaces and a second flank facing axially opposite to said axial abutment surfaces, an inclined shoulder
(41) of the housing, defined by said first flank, and an inclined shoulder (43) facing axially opposite to said axial
abutment surfaces, formed on the peripheral surface of the radially outwardly facing male lip, undergoing an axial
displacement relative to each other during radial expansion to come into mutual sealing contact with a radial inter-
ference fit.

A method according to one of the preceding claims, in which the first (3) and second (4) threadings are tapered with
a taper of at most 12.5%.

A method according to claim 19, in which the threading portions of each element are located along a common
tapered surface.

A method according to one of claims 1 to 18, in which the first (3) and second (4) threadings are straight, the two
portions of each threading having different diameters.

A method according to one of the preceding claims, in which mating surfaces are provided on the male and female
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elements to ensure a sealing contact by a radial interference fit between said mating surfaces prior to expansion.

A method according to claim 22, dependent on claim 19 or 20, in which said mating surfaces are located in the
vicinity of the free end of the male element.

A method according to claim 22, dependent on claim 21, in which each of said mating surfaces is located between
said contact zone and the threading portion of the corresponding element that has the smallest diameter.

A method according to one of the preceding claims, in which the degree of expansion is in the range 10% to 30%.
A method according to one of the preceding claims, in which the degree of expansion is in the range 15% to 25%.

A female tubular element of an initial threaded tubular connection for implementing the method according to one of
the preceding claims, comprising a

male tubular element (1) comprising a male threading and a female tubular element (2) comprising a female threading,
into which the male threading (3) is configured to be made up, the female threading being separated into two portions
(4a, 4b) separated from each other in an axial direction, the female element having, in a contact zone (20) extending
over a fraction of the connection length included between said threading portions, a surface (22) facing radially
inwardly,

on which a sealed contact can be locally established by a radial interference fit after expansion, the radial thickness
e, of the female element in said contact zone being reduced with respect to its thickness in the area of the threading
portions.

An initial threaded tubular connection for implementing the method according to one of claims 1 to 26, comprising:

@ a first male tubular element (11) comprising a first male threading (3a, 3b); and

@ a second female tubular element (2) comprising a second female threading (4a, 4b), homologous with the
first threading;

the first threading being made up in the second threading such that the two elements are in a connected position;
characterized in that each of the first and second threadings is separated into two portions (3a, 3b, 4a, 4b)
separated from each other in an axial direction and in that, in a contact zone (20) extending over a fraction of
the length of the connection included between said threading portions, the male and female elements have
smooth surfaces (21, 22) facing radially outwardly and inwardly respectively, which fit one into the other over
the entire axial length of said contact zone, means being provided to endow the female element in the contact
zone with a spring back displacement after expansion that is greater than that of the male element, to establish
after expansion local sealed contact by a radial interference fit between said smooth surfaces.

Aninitial threaded tubular connection according to claim 28, wherein the smooth surfaces (21, 22) adjust under mild
friction.

Patentanspriiche

1.

Verfahren zur Herstellung einer abgedichteten Rohrverschraubung, die von einer anfanglichen Rohrverschraubung
ausgeht, mit:

o einem ersten AuBenrohrelement (11), das ein erstes Aul3engewinde (3a, 3b) umfasst; und

o einem zweiten Innenrohrelement (2), das ein zweites Innengewinde (4a, 4b) umfasst, das mit dem ersten
Gewinde homolog ist;

wobei das erste Gewinde in das zweite Gewinde aufgebaut wird, um die zwei Elemente in eine verbundene
Position zu bringen, und die anfangliche Rohrverschraubung einer Durchmesseraufweitung im Bereich der
plastischen Verformung unter Verwendung eines Aufweitungswerkzeugs (60) mit einem Durchmesser, der
gréRerals der Innendurchmesser der Rohrelemente ist, unterzogen wird, dasin der Verbindung axial verschoben
wird;

dadurch gekennzeichnet, dass jedes der ersten und zweiten Gewinde in zwei Abschnitte (3a, 3b, 4a, 4b)
geteilt ist, die voneinander in axialer Richtung getrennt sind, und dass in einer Kontaktzone (20), die iber einen
Bruchteil der Lange der zwischen den Gewindeabschnitten eingeschlossenen Verbindung verlauft, das Aufien-
und Innenelement glatte Oberflachen (21, 22) aufweisen, die radial nach aufien bzw. innen gewandt sind, die
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Uber die gesamte axiale Lange der Kontaktzone wahrend des Aufbaus ineinander passen, wobei Mittel vorge-
sehen sind, um das Innenelement in der Kontaktzone mit einer Rickfederverschiebung nach der Aufweitung
zu versehen, die groRer als diejenige des AulRenelements ist, um einen lokalen abgedichteten Kontakt durch
eine radiale Presspassung zwischen den glatten Oberflachen herzustellen.

Verfahren nach Anspruch 1, wobei die glatten Oberflachen zylindrisch sind und eine in der anderen frei gleitet.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei die radiale Dicke (e4, e,) des Innenelements und des AulRen-
elements Uber die gesamte Lange der Kontaktzone konstant ist.

Verfahren nach einem der vorhergehenden Anspriiche, wobei der Durchmesserabstand zwischen den glatten Ober-
flachen im Bereich von 0,1 bis 0,8 mm liegt.

Verfahren nach einem der vorhergehenden Anspriiche, wobei der abdichtende Kontakt durch eine radiale Pres-
spassung in mindestens zwei ringférmigen Bereichen (25, 26) hergestellt wird, die Gber die Kontaktzone verteilt sind.

Verfahren nach einem der vorhergehenden Anspriiche, wobei die radiale Dicke e, des Innenelements in der Kon-
taktzone in Bezug auf seine Dicke im Bereich der Gewindeabschnitte verringert ist.

Verfahren nach einem der vorhergehenden Anspriiche, wobei das Verhaltnis zwischen der minimalen radialen Dicke
e, des Innenelements in der Kontaktzone und der radialen Dicke e, des zugewandten AuRenelements im Bereich
von 0,25 bis 0,7 liegt.

Verfahren nach Anspruch 7, wobei das Verhaltnis im Bereich von 0,35 bis 0,5 liegt.

Verfahren nach einem der Anspriiche 6 bis 8, wobei die radiale Dicke des Innenelements progressiv in zwei Uber-
gangszonen (23, 24) zunimmt, die sich jeweils seitlich der Kontaktzone befinden.

Verfahren nach einem der Anspriiche 6 bis 9, wobei die verringerte Dickenzone (e,) des Innenelements zumindest
teilweise mit einem Material (27) gefillt ist, das einen niedrigeren Elastizitdtsmodul und/ oder eine héhere Streck-
grenze als das Innenelement aufweist.

Verfahren nach einem der Anspriiche 6 bis 9, wobei die verringerte Dickenzone (e,) des Innenelements von einem
Ring umgeben ist, der aus einem Material (28) mit einem niedrigeren Elastizitdtsmodul und/oder einer héheren
Streckgrenze als jenes Innenelement ausgebildet ist.

Verfahren nach einem der vorhergehenden Anspriiche, wobei das erste Rohrelement und das zweite Rohrelement
jeweils einen Teil eines Rohrs grofder Lange bilden und zu einer Kopplung, die es mit einem weiteren Rohr grofier
Lange lber eine zweite Rohrverschraubung verbinden soll, die ebenfalls durch das erfindungsgemafe Verfahren
nach irgendeinem der vorhergehenden Anspriche erhalten wird.

Verfahren nach Anspruch 12, wobei die Kupplung aus einem Material hergestellt ist, dass sich von derjenigen des
Rohrs groRer Lange dadurch unterscheidet, dass es einen niedrigeren Elastizitdtsmodul und/oder eine hdhere
Streckgrenze hat.

Verfahren nach einem der Anspriiche 1 bis 11, wobei das erste Rohrelement und das zweite Rohrelement jeweils
zu zwei Rohren groRer Lange gehdren.

Verfahren nach einem der Anspriiche 12 bis 14, wobei das Verhéltnis zwischen der radialen Dicke e4 des Aul3en-
elements in der Kontaktzone und der radialen Dicke des Rohrs oder der Rohre grof3er Lange uber die Mehrheit
ihrer Léange im Bereich von 0,4 bis 0,8 liegt.

Verfahren nach einem der vorhergehenden Anspriiche, wobei das Aufien- (1) bzw. das Innen- (2) -Rohrelement
erste und zweite axiale Anlageflachen (9, 10) aufweisen, die am Ende des Aufbaus in gegenseitigen Kontakt kommen.

Verfahren nach Anspruch 16, wobei das erste Rohrelement an seinem freien Ende eine ringférmige Lippe hat, die

die erste axiale Anlageflache (9) aufweist, die von einer ringférmigen Zunge (13) und von einer Querflache (15)
neben der Zunge gebildet und in Bezug auf dieselbe axial zurlickgesetzt ist, die mit der Innenumfangsflache des
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ersten Elements verbunden ist, und das zweite Rohrelement ein Gehause, das mit der Auenlippe homolog ist,
aufweist, wobei die zweite axiale Anlageflache (10) von einer ringférmigen Nut (14) und von einer Querflache (16)
neben dieser gebildet wird, die mit der Innenumfangsflache des zweiten Elements verbunden ist, wobei die Zunge
(13) mit der Nut (14) zusammenwirkt.

Verfahren nach Anspruch 17, wobei die einwarts radial umfangliche gewandte Flache des Gehauses einen ringfor-
migen Kanal (44) mit einem konkav gebogenen Profil umfasst, der eine erste Flanke aufweist, die axial zu den
axialen Anlageflachen gewandt ist, und eine zweite Flanke aufweist, die axial entgegengesetzt zu den axialen
Anlageflachen gewandt ist, wobei ein geneigter Absatz (41) des Gehauses, der von der ersten Flanke begrenzt
wird, und ein geneigter Absatz (43), der axial entgegengesetzt zu den axialen Anlageflachen gewandt ist, die auf
der Umfangsflache der radial auswarts gewandten AuBenlippe ausgebildet ist, eine axiale Verschiebung relativ
zueinander wahrend der radialen Aufweitung erfahren, so dass sie mit einer radialen Presspassung in gegenseitigen
abdichtenden Kontakt kommen.

Verfahren nach einem der vorhergehenden Anspriiche, wobei das erste (3) und zweite (4) Gewinde mit einer Neigung
von hdchstens 12,5% konisch zulaufen.

Verfahren nach Anspruch 19, wobei sich die Gewindeabschnitte jedes Elements entlang einer gemeinsamen konisch
zulaufenden Flache befinden.

Verfahren nach einem der Anspriiche 1 bis 18, wobei das erste (3) und zweite (4) Gewinde gerade sind, wobei die
zwei Abschnitte jedes Gewindes unterschiedliche Durchmesser aufweisen.

Verfahren nach einem der vorhergehenden Anspriiche, wobei Passflachen an dem Aufen- und Innenelement
vorgesehen sind, um einen abdichtenden Kontakt durch eine radiale Presspassung zwischen den Passflachen vor
der Aufweitung sicherzustellen.

Verfahren nach Anspruch 22 in Abhangigkeit von Anspruch 19 oder 20, wobei sich die Passflachen in der Umgebung
des freien Endes des AulRenelements befinden.

Verfahren nach Anspruch 22 in Abhéngigkeit von Anspruch 21, wobei sich jede der Passflachen zwischen der
Kontaktzone und dem Gewindeabschnitt des entsprechenden Elements befindet, das den kleinsten Durchmesser
hat.

Verfahren nach einem der vorhergehenden Anspriiche, wobei der Aufweitungsgrad im Bereich von 10% bis 30% liegt.
Verfahren nach einem der vorhergehenden Anspriiche wobei der Aufweitungsgrad im Bereich von 15% bis 25% liegt.

Innenrohrelement einer anfanglichen Rohrverschraubung zur Umsetzung des Verfahrens nach einem der vorher-
gehenden Anspriiche, mit einem AuRenrohrelement (1), das ein AuRengewinde umfasst, und einem Innenrohrele-
ment (2), das ein Innengewinde umfasst, wobei das AulRengewinde (3) dazu konfiguriert ist, in dieses aufgebaut zu
werden, wobei das Innengewinde in zwei Abschnitte (4a, 4b) geteilt ist, die voneinander in axialer Richtung getrennt
sind, wobei das Innenelement in einer Kontaktzone (20), die Uber einen Bruchteil der zwischen den Gewindeab-
schnitten eingeschlossenen Verbindungslange verlauft, eine Oberflache (22) aufweist, die radial einwarts gewandt
ist, auf der ein abgedichteter Kontakt lokal durch eine radiale Presspassung nach der Aufweitung hergestellt werden
kann, wobei die radiale Dicke e, des Innenelements in der Kontaktzone in Bezug auf seine Dicke im Bereich der
Gewindeabschnitte verringert ist.

Anfangliche Rohrschraubverbindung zum Umsetzen des Verfahrens nach einem der Anspriiche 1 bis 26, mit:

o einem ersten Aul3enrohrelement (11), das ein erstes Aufiengewinde (3a, 3b) umfasst; und

o einem zweiten Innenrohrelement (2), das ein zweites Innengewinde (4a, 4b) umfasst, das mit dem ersten
Gewinde homolog ist;

wobei das erste Gewinde in das zweite Gewinde aufgebaut wird, so dass sich die zwei Elemente in einer
verbundenen Position befinden;

dadurch gekennzeichnet, dass jedes der ersten und zweiten Gewinde in zwei Abschnitte (3a, 3b, 4a, 4b)
geteilt ist, die voneinander in axialer Richtung getrennt sind, und dass in einer Kontaktzone (20), die iber einen
Bruchteil der Lange der zwischen den Gewindeabschnitten eingeschlossenen Verbindung verlauft, das Auf3en-
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und Innenelement glatte Oberflachen (21, 22) aufweisen, die radial nach aulen bzw. innen gewandt sind, die
Uber die gesamte axiale Lange der Kontaktzone eines in das passen, wobei Mittel vorgesehen sind, um das
Innenelementin der Kontaktzone mit einer Riickfederverschiebung nach der Aufweitung zu versehen, die grof3er
als diejenige des AulRenelements ist, um nach der Aufweitung einen lokalen abgedichteten Kontakt durch eine
radiale Presspassung zwischen den glatten Oberflachen herzustellen.

Anfangliche Rohrverschraubung nach Anspruch 28, wobei sich die glatten Oberflachen (21, 22) unter milder Reibung
angleichen.

Revendications

10.

1.

Procédé de réalisation d’un joint fileté tubulaire étanche dans lequel on part d’un joint fileté tubulaire initial comprenant
@ un premier élément tubulaire méle (11), comportant un premier filetage male (3a, 3b) ; et

@ un second élément tubulaire femelle (2), comportant un second filetage femelle (4a, 4b), homologue du premier
filetage ;

on visse le premier filetage dans le second filetage pour amener les deux éléments dans une position d’assemblage,
et on fait subir au joint fileté tubulaire initial une expansion diamétrale dans le domaine des déformations plastiques
a l'aide d’un boulet d’expansion (60) de diamétre supérieur au diameétre intérieur desdits éléments tubulaires, qui
est déplacé axialement dans le joint ;

caractérisé en ce que chacun des premier et second filetages est séparé en deux parties (3a, 3b, 4a, 4b) éloignées
I'une de l'autre dans la direction axiale et en ce que, dans une zone de contact (20) s’étendant sur une fraction de
la longueur du joint comprise entre lesdites parties de filetages, les éléments male et femelle présentant des surfaces
lisses (21, 22) tournées radialement vers I'extérieur et vers l'intérieur respectivement, qui s’ajustent 'une dans l'autre
sur toute la longueur axiale de ladite zone de contact au cours du vissage, des moyens étant prévus pour conférer
a I'élément femelle, dans la zone de contact, un retour élastique aprés expansion plus élevé que celui de I'élément
male de maniére a établir localement un contact étanche par serrage radial entre lesdites surfaces lisses.

Procédé selon la revendication 1, dans lequel lesdites surfaces lisses sont cylindriques et coulissent librement 'une
dans l'autre.

Procédé selon I'une des revendications 1 et 2, dans lequel I'élément méale et I'élément femelle présentent une
épaisseur radiale (e, e,) constante sur toute la longueur de ladite zone de contact.

Procédé selon I'une des revendications précédentes, dans lequel le jeu diamétral entre lesdites surfaces lisses est
compris entre 0,1 et 0,8 mm.

Procédé selon 'une des revendications précédentes, dans lequel ledit contact étanche par serrage radial s’établit
dans au moins deux plages annulaires (25, 26) réparties sur ladite zone de contact.

Procédé selon I'une des revendications précédentes, dans lequel I'élément femelle présente dans ladite zone de
contact une épaisseur radiale e, réduite par rapport a son épaisseur au droit des parties de filetages.

Procédé selon I'une des revendications précédentes, dans lequel le rapport entre I'épaisseur radiale minimale e,
de I'élément femelle dans ladite zone de contact et I'épaisseur radiale e, de I'élément méle en regard est compris
entre 0,25 et 0,7.

Procédé selon la revendication 7, dans lequel ledit rapport est compris entre 0,35 et 0,5.

Procédé selon I'une des revendications 6 a 8, dans lequel I'épaisseur radiale de I'élément femelle augmente pro-
gressivement dans deux zones de transition (23, 24) situées respectivement de part et d’autre de ladite zone de
contact.

Procédé selon 'une des revendications 6 a 9, dans lequel la zone d’épaisseur réduite (e,) de I'élément femelle est
remplie au moins partiellement d’'un matériau (27) présentant un module d’Young plus faible et/ou une limite élastique

plus élevée que I'élément femelle.

Procédé selon 'une des revendications 6 a 9, dans lequel la zone d’épaisseur réduite (e,) de I'élément femelle est
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entourée d’'une bague en un matériau (28) présentant un module d’Young plus faible et/ou une limite élastique plus
élevée que I'élément femelle.

Procédé selon I'une des revendications précédentes, dans lequel le premier élément tubulaire et le second élément
tubulaire appartiennent respectivement a un tube de grande longueur et & un manchon destiné a raccorder celui-
ci a un autre tube de grande longueur par un second joint fileté tubulaire obtenu également par le procédé selon
'une des revendications précédentes.

Procédé selon la revendication 12, dans lequel le manchon est en un matériau qui différe de celui du tube de grande
longueur par un module d’Young plus faible et/ou par une limite élastique plus élevée.

Procédé selon I'une des revendications 1 a 11, dans lequel le premier élément tubulaire et le second élément
tubulaire appartiennent respectivement a deux tubes de grande longueur.

Procédé selon I'une des revendications 12 & 14, dans lequel le rapport entre I'épaisseur radiale e, de I'élément
male dans ladite zone de contact et I'épaisseur radiale que présentent le ou les tubes de grande longueur sur la
majorité de leur longueur est compris entre 0,4 et 0,8.

Procédé selon I'une des revendications précédentes, dans lequel les éléments tubulaires male (1) et femelle (2)
présentent respectivement des premiére et seconde surfaces de butée axiale (9, 10) qui viennent en contact mutuel
en fin de vissage.

Procédé selon larevendication 16, dans lequel le premier élément tubulaire présente a son extrémité libre une lévre
annulaire ayant ladite premiére surface de butée axiale (9) constituée par une languette (13) annulaire et par une
surface transversale (15) adjacente a la languette et en retrait axial par rapport a celle-ci, reliée a la surface péri-
phérique intérieure du premier élément, et le second élément tubulaire présente un logement, homologue de la
levre méle, ayant ladite seconde surface de butée axiale (10) constituée par une rainure (14) annulaire et par une
surface transversale (16) adjacente a celle-ci, reliée a la surface périphérique intérieure du second élément, la
languette (13) coopérant avec la rainure (14).

Procédé selon la revendication 17, dans lequel la surface périphérique du logement tournée radialement vers
l'intérieur comporte une cannelure annulaire (44) a profil en arc concave qui présente un premier flanc tourné
axialement vers lesdites surfaces de butée axiale et un second flanc tourné axialement a I'opposé desdites surfaces
de butée axiale, un épaulement incliné (41) du logement, défini par ledit premier flanc, et un épaulement incliné
(43) tourné axialement a 'opposé desdites surfaces de butée axiale, formé sur la surface périphérique de la lévre
male tournée radialement vers I'extérieur, subissant un déplacement axial relatif I'un vers I'autre lors de I'expansion
radiale pour venir en contact mutuel étanche avec serrage radial.

Procédé selonl’'une des revendications précédentes, dans lequel les premier (3) et second (4) filetages sont coniques
de conicité au plus égale a 12,5 %.

Procédé selon la revendication 19, dans lequel les parties de filetage de chaque élément sont situées le long d’une
surface conique commune.

Procédé selon 'une des revendications 1 a 18, dans lequel les premier (3) et second (4) filetages sont cylindriques,
les deux parties de chaque filetage ayant des diamétres différents.

Procédé selon 'une des revendications précédentes, dans lequel des surfaces mutuellement conjuguées sont
prévues sur les éléments male et femelle pour assurer un contact étanche par serrage radial entre ces surfaces
mutuellement conjuguées avant expansion.

Procédé selon la revendication 22, rattachée aux revendications 19 ou 20, dans lequel lesdites surfaces mutuelle-
ment conjuguées sont situées au voisinage de I'extrémité libre de I'élément male.

Procédé selon la revendication 22, rattachée a la revendication 21, dans lequel chacune desdites surfaces mutuel-

lement conjuguées est située entre ladite zone de contact et la partie de filetage de plus petit diamétre de I'élément
correspondant.
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25. Procédé selon I'une des revendications précédentes, dans lequel le taux d’expansion est compris entre 10 et 30 %.
26. Procédé selon I'une des revendications précédentes, dans lequel le taux d’expansion est compris entre 15 et 25 %.

27. Elément tubulaire femelle d’un joint fileté tubulaire initial pour mettre en oeuvre le procédé selon I'une des revendi-
cations précédentes, comprenant un élément tubulaire male (1) comportant un filetage male, et un élément tubulaire
femelle (2) comportant un filetage femelle, dans lequel le filetage male (3),est configuré de fagon a étre vissé, le
filetage femelle étant séparé en deux parties (4a, 4b) éloignées 'une de l'autre dans la direction axiale, I'élément
femelle présentant, dans une zone de contact (20) s’étendant sur une fraction de la longueur du joint comprise entre
lesdites parties de filetages, une surface (22) tournée radialement vers l'intérieur, sur laquelle un contact étanche
peut étre établi localement par serrage radial aprés expansion, I'épaisseur radiale e, de I'élément femelle de ladite
zone de contact étant réduite par rapport a son épaisseur dans la région des parties de filetages.

28. Joint fileté tubulaire initial pour mettre en oeuvre le procédé selon I'une des revendications 1 a 26, comprenant :

@ un premier élément tubulaire male (11) comportant un premier filetage male (3a, 3b) ; et

@ un second élément tubulaire femelle (2) comportant un second filetage femelle (4a, 4b), homologue du
premier filetage ;

le premier filetage étant vissé dans le second filetage pour amener les deux éléments dans une position
d’'assemblage ; caractérisé en ce que chacun des premier et second filetages est séparé en deux parties (3a,
3b, 4a, 4b) éloignées I'une de l'autre dans la direction axiale et en ce que, dans une zone de contact (20)
s’étendant sur une fraction de la longueur du joint comprise entre lesdites parties de filetages, les éléments
male et femelle présentant des surfaces lisses (21, 22) tournées radialement vers I'extérieur et vers l'intérieur
respectivement, qui s’ajustent 'une dans l'autre sur toute la longueur axiale de ladite zone de contact, des
moyens étant prévus pour conférer a I'élément femelle, dans la zone de contact, un retour élastique aprés
expansion plus élevé que celui de I'élément méale de maniére a établir localement aprés expansion un contact
étanche par serrage radial entre lesdites surfaces lisses.

29. Joint fileté tubulaire initial selon la revendication 28, dans lequel les surfaces lisses (21, 22) s’ajustent a frottement
doux.

14



IZB ey 22 24

EP 1 601 904 B1

S| )
P
A

Vtﬁ
RGN Sy
2

B1

15



EP 1 601 904 B1

53 s [
I T PR . [ |
A e
—_—————— T =
| LBA«Q = i 34:-‘?">

7 41 45

7 ._’l,
%\\\ oo
S w6 a \*.. E FIG.8

16



EP 1 601 904 B1

v_ aq_ ) 3 FIG4
'40’ ) Lzz 1? L12 ,

17



EP 1 601 904 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  US 5154452 A [0003] «  US 6457532 B [0008]
« WO 02011002 A [0004] +  US 20020139540 A [0008]
« WO 02081863 A [0008] « WO 0201102 A [0020] [0054]

18



	bibliography
	description
	claims
	drawings

